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OiMUtr Sus«n« Oratras 
I 4 »oACXI0M 

Vim* dlaoasM have l»an peasant In tha pouto gr®*- 
Ing diatrlats oX this eovmtry tor mny yaars, foUto saad 
groaera bava lone raaUsad that tha control of virus 
(Jlsaasaa Is ona of tholr most dlffloalt problaoa. Ihosa 
dlsaasaa eausa a eondltlaii ooianimlx ioaosu aaonG tba 
groaara as "runtlag out” of sead potatoas* bSDoa tbay ara 
aassad ganoraUy as dagsnaratlon dlsaasaa. 

Mosaic Is porbapa tho most vlda spread and oomaonly 
Feoa9U.sad of tho potato daganoratlon dlsaasos. It Is 
sail knesn that a vary high paroontage of tho potato 
fields in tba Sorth oontatn aora or lass mosalo Infactlan. 
fsasas potato groaars secure thalr saad potatoes each year 
£Tom the Xopth. It Is vary evldant that much seed shipped 
into this ststa la groan from twsale saad stoolc. 

Iho most easily raoognlsod foliage symptoei of 
aoaalo, as aaprassad In tho northern statasf Is a nottlod 
oblocosls In tba Iwves. Tbs ooospleixoas abaonoa of this 
leaf mottling In Kansas potato fields has oausad consider¬ 
able speeulatlon as to boa mosalo is sstpressod under oar 




eondltlona. It bas eTw bMa auegMitwl tbat tiM dls^ss 
do«s not doTClop In KOnoa* henoo doM not offoot tbo ylold. 

lbs purpose of these Ineeatlgstlons, ss far es 
potato Boaele Is oonoemedf has been only to study the 
node o- potato nosalo eapresslon In Kaneae. Tho prlnolpal 
studies have been on plant eharaeterlstles, Ineludlns 
sire, shape, eolor and pleld of aosale Infested plants ss 
eorapered eith healthy plants. 

spindle tuber Is a serloos degeneration disease of 
the potato that has not long been reooffilBOd. the 
orollndrloal, pointed, or otherwise nlsshapen tubers that 
eharaoterlse the synptoas sKpressed by this disease have 
been obeereed for several years by growers and others 
working with potatoes. It ees been noted that these 
tubers, known to eowBerolal growers as *mn oat seerf* or 
•lady fingers," deerease tho yield Mtan used for eood. 

However, It see not realised until recently that 
the oaueal factor for this eondltlon Is a filterable 
virus, end fnrthemore, that the Introdaotlon of this 
virus into healthy plant Usane wUl produse the desener- 
atlon disease that we now oall splndlo tnber. 

nlth the startling dlsoovery that spindle tuber Is 
tiansalsslbls eane the reollsatlon that there ere nany 
posslhllltlas. In ttie natural produetlon and nanagenant 
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or a potato crop, ror tb« dLssonlaatlon or this disease. 
Oocitaet of diseased and healthy out seed pleees. Insects 
reeding on diseased and healthy plants, oontaialnated 
tools such as cutting knives, ploi:era on the planter or 
other tools used ror handling the potato crop aay all 
lumlsh possible means i'or disseminating the causal 
agency or sidndle tuber. 

«The purpose or the Investigations concerning 
spindle tuber has been (l) to study methods or dissemin¬ 
ation, (S) to study the mode or expressltm In Kansas and 
(3) to determine the prevalence or visible spindle tubers 
In the seed potatoes that are shipped Into Kansss rrom 
other states. 

'The experimental data contained In this thesis are 
hcused upon three years Inves tljpitlaas on mosalo sxpresslon 
(19e4-198o-lse6) and two years Investigations on spindle 
tuber dlssemlnstlon, expspesslon end prevalenoe (1S26-19S7X 

ssn» OP LiTJ—Toai 

The widespread Interest In the virus diseases or 
plants began wl& the discovery by Hayer (1B86) that 
tobaeeo mosalo Is an Inreotlous disease. lowanowskl 
(isge) round that the nitered X'luld rrom moaaio Inreeted 

sTbe autbd^ is indebted io Dr. n. r. c^ilie for his valu- 

able aaalstanoe and advice oontrlbuted during the progress 
or this work. 
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pluits •till poatMtoe ita InracUous qualltlea. Zhla 
Qponad th« door to a bo* a.eld In plant pattelogyi namly 
tho field o> filterable alzue dlaeaeee of planta. 

Beljer&nek (1096) aaorlbed tlie oeoae of tobaeeo 
aoaale to a eoatacloue* water aolnble, noB-eorpuaelar 
Ktertal ehlch he ealled "oontaeuln vlvuei fluldua." 
woods (1906) eoQteaded that waalo to due to an oaidlaing 
enajae efaleb eaaaee the deatnietlcm of Ohlorophrll. 

Ibe Ineiense auount o^ work dene on sosale trana- 
taselon leavee no doubt at to the infectious nature of 
the alrua whan tmnsferred from dlaeased to healthy 
tissue Is planta of the speeios. htrthenaore» a 
ereat deal of evldenee haa been obtained shlA proTes 
ooBCluslwelr th»t erosa-lnoenlatlone of aoaale are 
sueoeoaful atten the virus from Infested plants of certain 
genera, fwalllss or orders Is Introdnoed to oertaln 
planta of other genera, families or orders. 

Uner (1965) eoMtlng with healthy tomato plants 
eeoured arose-Infections olth the vlras from suj^r eane, 
bean, orookneek sguesb, Bl!*la, oalendnla, velvet leaf, 
allkweed, oetnlp and aertynl*. He also eocarod Infeotloa 
of the oow pee from oH plant, potato, ouenabor and 
orottmeOc squash. Batunla plants beoaao Infeotod with 
the MMale vlrua from ouoiaabar and orookneok squash while 




th« vlnM fMH lBr*ot*d eel«i7 umI sporgs itlant* <««• 
tnoBialttsd to oueuDbon. 

Sotailta and fblaon (1989) vopiriod tte work of 
otbora oa Inaaet tranaalasliH) of doganomtloa diaoaaea of 
tba potato In ttio Held* Somo of tholr flndlnga on 
tranaalsalon* varlatlona of ajaptoaa and oontrol Moanroa 
ara aoBnavisad as follovai *In Oroen liountalna, mild 
aoaale waa not tranamlttad by aontaat axoapt la atam and 
tuber grafts. In Green icountalne. aphids from a 'ourly 
duarf* eocablnatlon. apparently aooalatlag of laaf-colllng 
aoaale and epl»dllag>tnbar togetber, traasalttad tba 
eurly-di«arf eoablnatlon to a part of tba hill and spind¬ 
ling tuber alma to the other part, dlstlnetlon being 
made bataaaa dlffaraat tuber units of tba soeond gener¬ 
ation. natural tranaalsalon by Inseets eontrlbutaa to 
the dlffloulty of the oontrol problaa. ' Moaale syaptoaa 
from tba same seed tubers shoe different oonplaxea In 
different aatrlroaaanta. KottUng is suppressed by 
southern regions and by higher teaperaturee. Osarflng 
of tba tubers, and tberefore reduetlon la yield rate, aas 
more pronouneed in a soutbam region. Shading tandsd to 
Inerease nosale mottling and to deerease leaf rolling. 
Seleetlon of tubers ultbout Icneeledge of tbs parent plants 
oannot eliminate seed from diseased plants Infeeted late 
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tb« pr«e«dln& sOBaon. rraalailty and tMBvy aptUd Infeat- 
atlon InerMsad tb« spraad oi i>ild MMaio wntld •aTx'latwt 
laoUaon trtm dlsMssd stooka padkioed tt ao that a atata 
ol fraadoa tna tba dlaaaaa aaa aalatalned. ZaolatlOB by 
ao aatava aaa Inauflloleot, and ovar 400 aatara «aa 
aufilelant." 

Johnaoo (1987) aoriclng «lth alaaairiaatlon at 
airuaaa raports alavan dlXfarant Maale vlniaaa on 
tabaaeo and ralatad jdanta. Kora than ona vlnu aay 
aalat la a alnsla plaat. Ha Ibund tt poaatbla to aoparata 
thaaa on tha haala or rtwiMiatarlatla ayaptooa in Infaotad 
pdanta* 

S^ailta and Jblaom (1988) raeogilaod Amr typaa of 
potato aoaato and elaaalUad than aooording to follago 
aymptona. Tliaaa four typaa arai (1) Klld iioaalo» ablah 
la olMiaotaitaad by olaar out nottlln£« aona vrlnkllngf 
rnffUng and alight daarilng of tha foUaga. (8) Laa«- 
rolUng aoaale ahlA aboaa dlffbaad aottllng and alight 
rolling upnard of tha loavaa* Laafroll la diatlJiffilabod 
fiaai laafrolllng aosalo by abaanoo of dwarfing* rl^^dlty 
and ehloroala. (5) ikxoaaa aasalo la ^raotarlaad by 
aona^t dlffbaad aottUng* rugoalty and dlstlnot daarflag* 
Tabor radootloB la nora aarttad than In slid Boasla. 

(4) Crlnkla anaaie reaooblaa slid aeoale la Ita alear out 




■ottxlne but la ah»Met«rl«><l by oobaidorable wrlnKlln^ 
and ruming. 

aartln (1968) «a<i tb« first to apply tho name 
"aplndle tnbar^ to tho lon», eyllndrloal, ■laohapan tabora 
ooaaoQly kaom by gromrs as "run out sood." sobalts 
and rolsoca (1983) doflnltoly ostabllabod tho Infootioua 
naturo of the causal agency. 

Sttatlts and Kolsoai (1985) dooorlbe spindle taber 
syaptoaa ast "spindling steias and upright and sansidMt 
davicor green and aligbtly ragoae and daerred foliage. 
Abnonaally spindling, aplndlo Shaped and usually daurted 
tubers elth uore or leas conapleuoas and apparently 
nunerous eyee are eharaotertstios of this disoaee." 

Oess (1085) desertbea apdndle tuber foliage asi 
"oeually ftaarfed and erect, with fewer sUlica per hill, 
the branehes point upwards, and the laavas are email with 
wavy or ruffled Bwrgins. ^ffsotod tabors are longer and 
nor# oylindxisal in shape than nomMl healthy tubers of 
tbe aane variety, and are aosutlsMa irrogialar and buspy. 
The bud and of the tUber is taore pointed end the bnber 
beeoaiea eplndle idiaped* Vam eyM are uore naaeroue, very 
shallow, and sonotiaos oven bulgo out. In the rod 
sariotiea wn^ as BUss Trlunph the color is asach paler 
than nemal and bletohy." 




Mmer (1986) In vrltlns or tit* habit ot th* apLndle 
tabor plant ao'/a i "Spindle tuber ret> rda plant growth^ 
aben wopered with nersMl plants, ae MnirMtod bx a alo;/er 
rate of plant energanoe, lew per eent of apreutlng, and 
the deweloiBiant of eawll and less vigorous plants. Spindle 
tuber Plante have an oreet •bit of growth. Xhe leaves are 
sualler and narrower than nomal. Xhe; are Iblcted up 
along the oldilb and are wavy along tbe aargln. Spindle 
taber has been found In all varieties tested (representing 
ten variety groups). So Instance of Inounlty or reslstanoe 
was dlsoovered." 

•lemer (1SS6) doubted that apilds were responsible 
for traasnlttlng ths causal ogeney of spindle tuber In 
see tern Bebraelea beoause there ere few aphids la that part 
of the state. Coss (19B0), In a paper preawted at tba 
nineteenth annual aeatlng of the Aaerioan Fhytopatbeloslaal 
Soelety, reports that the transnlaalon of this vims son 
bs brooght sboot by grasshoppers, fwanty'wilna eases of 
Infootlon wero seeurod out of slxtyfour Inoeulstlons. 
the plsBte InoouUted sere gro« under esges. the xmoaged 
eontrols reualned healthy. 

Oeoe (1866) reports snooeesfoi Inoralatlons of 
spindle tuber virus with s outtlng knife oontaalnsted slth 
Jules froa s spindle tuber nhloh aas used to out healthy 
tubers. Bsslthy o«od pleees were snoeessfully laoeulatsd 




by oantAOt with tbw out wupiaao of w apindlo tabor. 

In tooting ortlilol&l Booao of tranoaloalOB of 
aplndle tabor. holaoB (1923). naod tabor grafts. Bo waa 
aaooosstai In aoourljag infootlona In 83 par oont of tbo 
trlala. Loaf ■utilatlona and atoa grafts slao gsvo in* 
foetlon to tbo degroo tbat oorront aosaon ayaptoao of 
aplndlo tabor woro oKpreasod by tbs progeny of tbo planta 
Inooulatod. 

aoaa and Foltlor (1985) found from tbolr oocperlaMnta 
ttet aplndlo tubor roaots to toapomtoro oondttlons In tbo 
flscaot rovorao to Moaolc. It woa often Inposalble to dla- 
tlngoiah plants affoetad with aplndlo tabor wban thoy woro 
grown at low temperaturoa and tho aymptons woro Inoroas- 
Ingly ovldont aa tbo taaporatoroo woro ralaod. 

aomer (1988) roports grantor olongation of aplndlo 
tabors at hl|^ tonporataroa in boavy soils of blgb aola- 
taro content. Fartbanaoro. Infootod plants grown ondor 
favomblo oondltiona prodaood bottor typo tabors tbon 
boalthy plants grown under unfaworablo oondltiona. 

Mosaic STODIBS 
Batorlttla and Metbods 


the InvsstlgstloBs herein reported oonoomlng nods 
oi SKprosslon of nosale In Kansas Inelnde data obtained 
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III. Seed for Stoealo Studies 
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SixtMu lots or Bood Cram dirioront aouroea worm 
uaod In 1924 and ises. Tbaaa lota or aaod oanrlod aoBalCf 
laarroll and ajdadla tuber, a oaroful atud? or tbe progeny 
or oaoh tuber aea nade In tbe greenbouae and In tlaa rtold 
in order to baoone aeqnalntod altb tbe node or eocnresalon 
ol these dtaeaaea. 





















In 1966 onl7 the Zrlab Cobbler wrletx eae need be> 
cause this variety Is the pt-inolpal one fffovn In tbe ooas- 
Mrolel dlstrteta la Uw state. I'hlt seed sas seleeted In 
Xiimesota froa a neld tbat ooatatned a blsb Inreetlon of 
■asale. jfbrty tubers frat aoeale Infeeted bllle and flxty 
tubers froa apparently bealtby hills eere itmilsbed by 
A. 0. tolaas. In charge of fotato Seed Gertli'loatlon «oxlc 
In Itlnneaota. 

Tuber Indealng i In order to seeure data on tbe 
pvosiny of eaeb Indlsldoal tuber an Indeulng systssi sus 
used. This uoric eonslsted In msaberlng ea(d» Individual 
tuber. Tbe ladSK anabor of saob tuber «as insorlbed on 
the tuber with India ink. The plants produced by eaeb 
tuber unit «ere staked, both la tbe greenhouse and In tbe 
field, each stake oarrylng the Index nnober of eaOb tuber 
unit. 

Oreenbouse Studlee i Previous Inveetlgstloas by 
several oorkers shoe that aoeale foliage syaptoas show 
aoet dlstiaetly on plants that are grown at eool teoper* 
atures and In diffused sunll^t. Therefore. It sas thon^t 
advisable to produce one plant from eaeb tuber In the 
greenhouse shore these eondltlona eould be obtained. 

fUr tiie gresnhonee study, one eye eae eut froa each 
tuber and planted in a 6 Inidt pot. Xha pot saa given the 






IndMC ntaOwF on th* tnbor fraa «talah this •y* «t« t*kan. 

Tb« roewindar of the txfy»v no* storod for ri«l.d pUntlnga. 
/\.a aaoB aa tho pdanta In tiM gi^anhonae oena largo enooc^ 
to expdroaa foliago aTnptooa notaa woro taton and raoordod* 
Vo yiadd data a«ra taaan In tba groaotionao boaauaa tbo pota 
«oro too anall to aaouro normal ylolda. objaot ox the 

graanbouao atadf *aa to datonatno /dilob tabora onrrled tho 
ooaaio alrua and onaa iravo baalthp. Xhla laaa 

nooaaaarr baoauaa undar tbo Intonaa aunllght ox Hold oon- 
dttlona tbo Ibllaga sjnptoaa aro oxton naaiiad* 

Wold atadloa i tho portion of tbo tubar aavod from 
tubor Indoxlng atudy in tba graonhoasa aaa naod for maiclng 
a flald atudy of aoaaio* Vaob tabor atlll oarriad tho 
Index mndwr given It baiora the graenhonaa plantings «oro 
BKdo* Ihaao tabara soro oat Into frooi too to four sood 
ploooo ahlob oonstltutad a "tnbar unit." VaOh tubor unit 
aaa planted in a atert ros of froa too to four hills and 
aaa staicad« tba atatco oarrTing tba Indox nmbor of tho 
tubar froQ ahleh ths tuber unit aaa tajcan. 

IAmq tbo plants In the flald voro about ton Intftes 
high ttia first Hold notaa aero taican* Iho follaga of 
aa^ tubor unit aaa Inspeetad earafbll/ to datonalao tbo 


STaptoeM aapreasod. a roeord mas aado Indloatlng tba 
s;pBptaas aaproaaad by aa«dx tubor unit. Plold notao *i 





thlvd of DOtM MS t»k«n «Aien tha tabors «ero 

tisrvested. satfi tabor wit «ss borroatodl oad tlM progooy 
mlgbod tepsrotoly In ardor to oaapsro ylolds oi dlsoosod 
and beoltby tabor unit*. 

In ordor to sborton tUo aortc or taking notes and to 
Bake It posslblo to fonnilato tabloo dosorlblng aooalo 
roUago sjBptOM a spstom oC atferovlatlons oss usod. Vbo 
latter usod doeorlbos tbs spaptaas oxinpoasod on the foXlage 
oS plants groan In tbe greonbouao or under field eondltlonsi 

to AbbroTlatlope PaoerlblBg Ibliage 

B o Hoalthr Appearanee 
B •> Blld ooealo > Battling 0DI7 
BB • ROfloae ansalo - Rugosity .'std notUlng 
IB > Loafrolllng oesalo • leafrolling and Bottling 
I. - loafroll only 

UtlllalBg the Bothoda |nat desoribod* studios aero 
node of tha nods oX saproaaloa ox noaale by plants and by 
the psogBsy of the tnurLottS lote of eeed obtabiod. X'ho 
results of these studies follow* In prosontlng the data 
eaeh lot of seod Is troated ssparatsly for tbs year In 
shlsh the eozfc sae done* 

a>e following tabloe show tho nuabor of tubers 





trp« of aooale or otuer aTBptoraa «han 
plontod in tlM sroonhoosof aod tha •ubaequont exprMalon 
of tjmptomo b 7 proeoar o tlMoe oomo tabon ah«a t,irom 
undor Ksnotta field oonditione* 
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Sable V. Aiasot Baibenk Xab«ni froa ft field in 
bftehiactoi Oontalnins » i-'igh Infeecton oi Boeaio end Leaf* 
roll. Index So. 81 « 141. 
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lable VIIX. »iios i-rObi iterket Cltoclc. Isieetlon 

IMcnom. Index Ho. SIS - 314. 
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Klld 

1 1 s 4 : 

i j i i ^ 

: 3 i 2 s 1 15^ 

1 Tuoir 

Kifnose 

: s 1 i 

III J 9 


* 100 tubers nrevo Icdoxed In the ^eaibouso. Only six 
tabor* ahowod Kooale ajmptoffls. xliose, to^et. er «lth aeven 
healthy tutor* were used xor iiol. plentlnG. 


Table K. *I 'lah Gobbler Seed froa .’ai"et StoeJe. 
InfeotloB (tatxkoch* Index Ho. 315 - 414. 


sileld Syiptoaa I'ilold !i|»ptoQs S/iverage 


Greenlwuae 


X 

1 15 

ehlll 

symptoms 
a»reh 27 

1 

i a 

« K 

1 G s s t m 

lyl-ld 

touneas 

7 'iub»re 

Healthy 

t 

* 7 

i i 

t : 

It i « 

: 25 

1 fuber 

Hlld UMalc 

> 

: : 

1 1 » 

c : : 

el! s 

! 22i 


* ICO tuber* were Indexed in the greenhouse. Only one 
plant showed a very llilit lor* ol nlld Mos&le. •'his tuber 
and seven healthy tnbers were used for field planting. 


Inveatlfiatlona. 1926 


Table X. Bliss triumphs from Jones Bros.. Fltt, 
Idnnesota, fi^om a PI old Oontalnltig a High Infection of 
hoeale. Index Jo. 1 > 15. 

Shield SsaptomsSloii Synptoaas.vsvege 

Greenhouse a ^y 15 t June S 1 "* 

pyvptoas : i i ! t ' lyleld 

Karob 29 tB:E:KHih:i[tMl loimcee 

—g ■ yi'Bfei - f” -1- 5 -j- 

Healthy t Z t ’• t 2 i t j 6£ 






















tn«ld SjnptoGM meld SyBpfcom vexes* 
» teT 15 I June ^ ihlll 

!■ 4 W - M - 


-I yield 


Mild tioeele 


nr 


ttit - 

■“yr sc ti- 

^ee deeele i 1 


^ ! *- 4- 


I 7 


«8 


yeble ZI* Bllea Srluapbe tmu b. Brenn, Hedleon, 
bleeonvlB* ferent field 8bo«ed Olgb Meseio XaleetloQ. 
IndMc lio. Id ■» S7. 


Oreenbouee 
Synptona 
Itotrefa 29 

9 iubexe 

»uiQ.. murt. 


IFleld SjlaptoM iTield sjiai^fcwMHAvere^r’ 

I l^T 15 ^e a 1^11 

t 1 * i • t iyleld 

iH tU >HKtH >■ >KM touBoee 

■ 1 - * -»- 1 ^ "! ' " ' "» -1-1- 

•A_U_!- i 8 -i « . -! -sJJiS— 


lijA. 


1!eble XIZ* BUea Irluapba froe Bid Maacm, td.lliaiBa« 
Mlnneaota, Ixom a field Shovl^ Unly U^t Itoaalc Infecv 
tloe. Indea lie* 96 - 


uield iiik^oaa iK'ald' I^i|RS 




- ll^ i Si S W4 

§ m - 


■? JA-j 




















IftMe Zulu Orseo HountaliM froa H. 1>. Bol«x« 
Mrflo, liortb Cftkote* firan a Contsainlng Rtgb In- 

feotlon »I MomIq and Spindle ititMr. Index Bo. 4S-oO. 


(bwanbooee 

iileld smaptooeii^ield Sjaptona i\vera{,o 

• IS 1 Jbno 8 iblll 

Srsptooa 
BarobW 

la i a 1 ia < a 

1 t lyleld 

1 a < BB lounoea 

i futele 

Healtbr 

t 8 1 t 18 

t 1 i8<»Ba 

4 'iUbepa 

Blld itoeale 

t I 1 < 

5 S 1 1 » • 5 

1 > 1 

. ti .; .«■. 

' H 'MBen 

Rupoae Boeale 

1 1 1 I 

1 1 8 1 1 

i > 1 

t 8 1 1 " 


leUe XIV. Eeply Obloa Iron H. Bollez, rergOt 
lortb beintef traa e Field Contetnlag e Blgb Per Cent of 
Koeele end Spindle fttber. Index Bo. SI - £0. 

liaeid bJkpUheiilola iiynpf»aeiit^i^e 

Oreentaouee i Mey 15 i Jane 5 ihlll 

S/eptom I i « « I I ijleld 

-. — i« i" i”i* i» 

—«s— } i>-. 1 — 

i; i’ — 

RUBpee MOMle I I ll » » «1 I 4 


Table XV. Irlab Gobblera froa b. b. Boiler. Pbrgo. 
Horth Daicota. rrooi a Field Containing a Ugb Fop Cant of 
Boaale end Spindle Tabap. Indan Bo. 89 - < 0. 


Oreenhouae 

iplcid srnpMBaiiield SpaptonalAverage 

1 ■_ May 15 1 _*ma S :hlll 

Sjaptona 
Hareb 80 

1 t < 1 

1 H IE 1 RE 1 H 

• * lyleld 

> a i rot lounooa 

e Tubepa 

BaaltbT 

1 « « « 1 8 

i 1 I 

« » « 14 

x miMrs 

aild boaale 

t "t ' T "I "■ 

1 8 1 1 1 8 

<11 

• 1 1 0 










































tabl* XIX. Irish Cobhlsrs Iron Oawwrelsl Stoetct. 
ZnfsetloD IhiknoHn. lnd«x Xo. 310 • 435. 


Greonhoasa 

ijluld A»>»tUiiis {field Syptons verses 

t i»7 IS 1 Jobs S thill 

Syaptoasi 
Msreli 89 

t-1 I I 

: H » B t Ml t H 

1 t tyield 

t X 1 BR touneee 

■“TTHEers 

Ussltbr 

1 r { 1 

1 e t 8 t a 10 

t » t 4i 

4 xtibers 

Klld Bessie 

1 t 1 i 

: tit t 8 

'{fit \ 4k 

IS Plants 

Bsfpse Boaaio 

t t t t 

s 7 1 e t 5 19 

t 1 3 t 4 


inwsttastioBs. igee 


table XX* Irish Cobblers Seleoted br A. 0. tolsss* 
St. real* Kinassets, tram ld.sssse>i>se Bills in s field 
that GonUinsd a high fer Cant oi lisaeie* Indas Bo. 1 - sa 


tj^sid SyapioQwt^^ieiti staptbow varsge 


Oreenboass 

symptoBM 

! H 1 E 

B.1_ 

1 RR 1 a Ik 

4 ttilXl 

t lyleld 

1 m lesneee 

sS^bora 

aselliiy 

1 36 1 

I t t 

I taet 

I 1 Hi 

b TObailni 

t 6 i 

i--! 

i—M — 


Bsaese Messls » t S i 8 t t 7 » t # 


table XXX. Irish Oebblers Caleetsd by ... 0. tolaaa* 
rroM Bosaie Infeoted Hills. Indeac Ho* SI - 90. 

ti'iaidl ^ 9 apt(»s sfieid SynittaiiM iKVsrs^ 

t MsT 82 I Jane 4 thill 

I'" i I » i t {yield 

tR tH iRStR «X t M tooneas 

--,-j-j-a—j-j-,— ss* - 

t ei t S I t 83 I 3 » Id 


Awll J 

■tnr^icTfe: 

























niacossijit 

th« toUan^ •jmjttOM flKpnwaaa by tba tbMa dtilwant 
typM ot Mosado stodled iihtti erom tmdcr ooniiltloas favor* 
able lor the OlseaeSf *a were yreeent In the greenheuee* 
are ae Cbllowet 

1. riid Moeale — lottllns or the leavea Into Ihlrly 
veil deflnod light and dark green patobea. Often the 
leaves are ali^tly ertidiled and aore or leaa dwarfed. 

8. Bngose Kosalo — Pronouneed detveesloaa et even 
depth in the leaf esrfaee at the valne with the proRineneae 
between the veins of very unifoici heightl aoeoapunied by 
difftaacd aottUng. 

Sa lies frolling leoeatc -- SKpreseed by a rolling up¬ 
ward of Uw» leavesjway be disthtgulshed fnm wrinkling 
doe to the prowlnenoes in rugbse wosaio being of etpial 
height and the depresaiwaa of eqaal depth, wbile with 
ordinary wrinkling the de]^?esaiona and procsineneea ara 
unoquol in depth end height* 

BxjMreseion of the fbliege ayuptoas of theee types of 
nosaie in the ttold nay ba the aaae aa ara expreaaad in 
the greenhouse eepeetally lx eool end eloudy weather per- 
alsts* Bowever. as soon me a period of inteoae eenligbt 
and hi^ tenperatnre prevails the eynptone uanally ehange* 

These ayoptens apparently vary with the type of 






86. 


aoBkle oarrlod tb» plant with tb« tnrivty. 9 m 
naual obaagM la •yaptona In Irlsb Cobblara. aa tha groalng 
aeaaoo progmaaea anat (1) • analdag or tha aotUlng In 
tba oaao or slid aonalo and (8) loaa or rugoalt? in tha 
aaao or mgoao oiooBla leaving onlj tha aottUng. In aoao 
oaaoa both nugsalty and mottling are maakod and tha plant 
la apparently haalthy. 

m tba aaaa oX tha ^rly OtiiOf mottling la not maaSied 
aa rraonently aa aitb tba Irlah Qohblor. Ibaro la. ho«** 
ooar* a atrong tendenoy toaard aaa^ilng aa tha aoaaon pro- 
grostaa. Tba ebangoa In mgoao mosalo aymptoma In tba 
Barly Ohio la toward loaa or rugoalty and In aome oaaoa 
mottling la aaabad. 

Tba behavior oX tha Sllaa Trluapb varlaty aa regarda 
maalclng oX aymptoma oX mild moaala la praotlaally tha 
aaaa aa In tha Sarly Ohio. Tuber unlta that axpraaaed 
typloal rugoae meaale aymptoma in tha graecduMaa oXten 
axhibltad tha aymptoma or loarrolllng moaala In tha Xlald. 
Probably bath laamillng moaala and mgoae noaalo aara 
praaant In eartaln tolMr unlta hut only raaoae aymptoma 
aara roaoenlaad la tha graanhouaa beoanaa learrolling 
aymptoma are aunm^ad^ by abadlng. Throughout tha aaaaoo 
tha (bman Koontaln varloty oxproaaod moa ale aymptoma tho 
Bwat aonalatantly or tba varlatlaa atudted. In aaoh eaaa 
tho aymptoma axpraaaad In the groaidwuaa vara alao 














Xftbls mix. Sarl7 Ohio Varlsty CoapKrlns 
SjaptoM &prMa«d In tJb* Qraenteua* and In tha nald. 



"T jfiold Syapiona 

t n«nts 10^ hlnb 

t ?lald SpeptoEoa 

Smptdaaa 

1 t t 

1 H i 1 * W 

1 t 1 

t K t n * » 

S! fuWiJa- 

HanltbT 

1 ev 1 « 1 i 

1 87 4 5 1 

13^htbora 

. ttidJiStal*— 

t t i 

.Ut-J 

t : i 

t & to t 


fcflaac Kpa alo t t » i 1 _?, 1 . „M.. 


tabla XXZV. 
FoUaga Symptoms 
FIaid. 

BUaa Trliaaph Varlatp. Coaparlng 
Bipraaaad in tbs Oraenbausa and in tbs 


1 neld h^ik^taau t ?iaid i>ihptaas 

1 Flanta l(f hUdi > Plants in bloom 

Oraenbouaa 

sywtomp 

! H i K ! K>t Ut L I H 1 8 t Sit LR: I. 

n 'iiui>«M 

Healthy 

T— I — { — t “ j' '' r I » j » 

t 15i 1 t 7 1 t 18t < t 7 t S 

S? Kbaxm 

Klld MMata 

T r~T •■"i ' t t t i t 

1 e t 141 t 4 1 1 1 ISt 0 1 1 4 t 1 

8K inuum 

Rttnoaa Haaalo 

t t t t 1 t 1 t t t 

t 7 1 871 7 1 001 8 t 8 t 801 S t 27t 6 

labla XXV. 
Pollaga Syaptoma 
nald. 

Oraan Mauntaln Wariatp. Comparing 
inprassad In tbs Oraanhousa and In tha 


1 Plants 10^ blnh i Plants in bloom 

Oreanbouaa 

Symptaam 

1 i i * 1 1 i * i i 

1 B 1 8 1 »t IHt I. 1 a t 8 1 Bi U!l I, 

— n mm 

OaalthT 

1(11111111 

1 861 4 1 1 1 0 1 8 1 8&1 1 1 1 1 B 1 0 

. 17' 

mid »osalo 

T—i—r~ T i 5 i 1 i 

1 S 1 6 1 4 1 8 1 1 4 1 7 1 4 1 2 t 

-SiTSKra 

Jkieoaa Maaate 

111 1 11 1 i i 1 

1 1 3 1 IBi 1 < 1 8 1 171 8 1 

lulHwa 

LaafroXl Kosaia 

1111111111 

1 1 1 1 4 1 1 ‘ 1 1 4 1 

IS ^bara 

Leaf roll OnlT 

1 1 1 11 1 1 1 r~i 

1(114 10 1 1 1 1 3 1 lO 

























t«b*r •TcaptoBM wipawsaod wem > dfierMsa la also 
■ad aiiirt>«r» baeM a daerMaa la /laid par hill. & vavlea 
of fabloa ZV to shows that tha awaraga ylald par tail! 
of haalthr tabera was groatar tbaa that fMo tabava earr7> 
lag mild nosalo, rugoao oosalo, laafrolllng aoaalo or 
laafroll. 

Klld Boaala raduaad tha yield per bll'l frma tea to 
fifty per oant. <^isoae aoaalo uaaally daereasad tha yield 
froB fifty to aeveaty-flve per oaot. Xbls waa true wbera 
foliage ayaptocu ware aasicod as well aa where foliage 
aymptoms were not aaatced. laafrolllng aosale oftoo eaoaed 
early death and vary few tubers ware prodaaad oa hills 
that aarvlvad, 

smsi^ nozR sraszas 

Tha Inwaatlgatlous herein reported eonoamlng the 
tranaalaaloaf aam^alon and prevalanoe of aplndle thbar 
Inelude data obtained froo too years study (19e6»19e7} 
of the dlaaeialnatien, syaptona expapwaaed and peroantagaa 
of vlalble aplndle tuber eoBtalnad la various lots of ooci- 
uerelal seed ahlppad Into Kansas frots BOrthana states. 

tha tubers nsad for thaaa atadies oare obtained frou 


the following souraoai 











plsoM cut i:roa aptuiU« 

iS « ohatict ««LhiM good appuwtly hMlttajr 
Irtsb '^bbl.or tuber mm oii< iAlo Hour pl«OM vltli a 
starllo mlt'a mud pt^tod 'as.vby* 3oad pteeoa i'roB 
•plndle tabors «»ro plawUd od^rouniUng tboso Ibur seal 
pdeoes* AS Inooet prooX oago oi olioose elotb ms built 
OTor tbls chaelf. 

g, ..rtinoial ttioaulatloo a Tb* objoct o* these 
eKperlasots ms to dotenitno idioiber or set tbs spladle 
tabor eoasal ag«ao7 Is troEucalssl.lo by artificial sMthods 
that sloolate Injuries produood by sucking and eheslag 
Insects* 

(s) Oentsalasted 1*00410 fuaetaros la iaasos and 
Petioles Slnalstlng Insect Ibneturcs* 

■ethodc of IaoaBl»tleB l Seed ploeoo firaa spparontly 
healthy good type tubers vmf planted* bhsn the plante 
sore about a foot bi^ Inoculations sere aade by Inserting 
a sterile needle Into a typical spindle tuber lateeted 
plant and than panetaring the leesee sad petleloe of a 
healtdiy plant slth the eontasdnated needle* 

(b) aaeeretlon of Leaves with Contsadnated Plngersf 
Slnnlatlng nmage Oene by Oolorado Potato Beetle In the 
neld. 

Hothods of ■‘■nooulatfon i seed pleoee from good type 
apparently healthy tuhers sere planted. iOien the plants 







wr* about a Toot high iBooulat^ona »ere oate by crushing 
the loavos a 'plntUo tuber Infactad plant batwaan the 
thonb and foMUngar and than Iwiadlataly rubbing the 
oontaolnatad Xlngwa on the laaraa of baaltiiy planta* 
SKartlng Just snougfa praasur* to braaic the loaf apldenals. 
Thirty plants sera troatsd In this nMuansr* 

a. Oattlna Knife Dlasaalnatlom The abjeot of those 
sxparlnflnta sas to dstenalne uhatbsr or not tbs eausal 
agsoey of splndla tuber any ba transnlttad by contaailnatad 
cutting knives. 

Method of loosBlatloQ i A good type tuber ma halved 
lengtbslse through tba bud end vltb a stwils knlfa. Uno 
half vaa idien ent Into tvx> seed pleeea sttb a icnlfa that 
had Just bean used to out a ap&ndla tuber, the sister 
half sas out Into too seed pteeea with a starllc knife to 
servo as a shaek on the Inoculated half. 

The t«o aaed p&scaa fron tha Inoculated half wars 
plsntsd fsortssa iasbss sport In ena row. Tha too aaod 
pteoea froa the uninooulatad slater half swra jdantad Just 
opposlto la tha adjoining row. 

In 1966 this SKperlmaet sas ropoated tsalvo times at 
the Chaa. Speaker fans at Sanaaa City end ten tloaa In 
the axparliaontal field at Manhattan asking a total of 
forty-four hills of Inoculstod eatorlsl and forty-fOur 






ttnlBoetCUtad at«t«r htlla* 

In 1967 thla wae rapMtad tmlT* tliMs la tbs 
•KparlMatal field at Kaabattan nalclng taantf'four hills 
of Inooulatad seed places end twaaty-foxir nnlnooalated 
sister bills. 

d. h7 Contact of Cut Sttrfsees t Ibe 

object ef these sKperinent'i sas to detemine idietber or 
not the cat surface of a spindle tuber seed piece cooing 
in ewtact vlth the cut surfaee of a healthy seed piece 
would transatlt the disease to the healthy seed pleoe. 

Method of InoeolatloB t a good type tuber was halved 
lengthwise throng the bwl sod wltii a sterile knife. A 
spindle tnber sue then halved and the ireshly cut surfaoe 
rubbed agslnat the freshly out surfaee of oneWialf of the 
good type tuber. She Inocmlatsd brlf and the unlnooulnted 
slsmr half were each out Into two seed pdeees ath a. 
sterile knife. She two seed plcoee froo the Inooulatad 
half were than planted in one row and the two unlnooulated 
slater quarters were planted Just opposite In an adjoining 
row. 

In 1966 this oaperlaent was repeated twelve tinea at 
the Cbaa. Speaker fbro near Kansas City and ten tines in 
the eKperlasntai fam at Manhattan, making a total of 
forty-four Inoculatod Mils and forty-four unlnooulated 
eleter hllla. 







Zn 1967 tbit tta reptatsd tttZve times la the 
•xperitaeattl aeld et aaklas tmntjr-fbur 

Inocoltted bills tad tmentr-iour unlnsoalnted titter blllt* 
S. Tr»"—br teber greftt i slnot oontaet of 
freshljr sat turteett tives oal/ a tbort tino for Inftotlaa 
to talst plaoe before tb« turfoeet dr/t t teat tas pla nn ed 
«bereb 7 eentaet of sat surfeoet mlgbt be ssoured for a 
eoBsldtrable lengtb tlnie. taber e»i<blns "tt tbe otens 
Mierel^ tbls eat aeooopiLlthed. 

■ ytfoid of laoealatlon i a sterlXe eoiHc borer tea 
used to sat a bale tbroagh a good type tuber. By aeons 
of tbe oork borer a round plug tat tbon out out of a 
eplndle tuber and fitted tlsbtly Into tbe bole In tbo 
good type tuber. «be tfoole tuber mat than planted. 

fiilt eaperlasot tat repeated ten tines as tbe 
Spoeker fora at Sonaes City and ttilrtyelz tiLaet In foe 
txperlaantal field at Kanhatton. making a total ol forty- 
six trials. 

e. lOsater Bex Dlssnalnatloo i Xbe Juloe fron oit 
seed pleoes ofttn eauses foa planter box to beooae vot. 

Zn order to tost fos transalsslblllty oi spindle tuber 
▼Iras fron foe set sides of fos planter boppar. an 
exparlaent eaa plannad atiareby Inotulatlon )qr tbla neana 
night be slanlated. 

|tethad of Inoonlatlon i the juloe fron a eplndle 








tubttr MS exprsasod npon « elaan board by subbing Its 
frasbly out sfor-aes upon tbe b» rd. g od type tuber 
MS than eat in half wLCb a atorlla knlfa. the out sur¬ 
face of one half was rubbed against the eontaalnatod sur- 
fsoo of the beard. The other bsli was used as a dhecic. 

£i«h half was out Into two seed pleoes with a 
steille knife, the Inoeul. ted quarters being planted In 
one rov end the u&lnoeul ted quarters Just opposite In the 
adjoining row. 

fhle ootpertaent was reputed twelve tlaiea at the 
Speaker fare end flftesB tines In the expea^aental field 
St Innhattan tseklng fifty-four hills with Inooulatod 
nsterlal end fifty-four hills fnss unlnooulsted sister 
seed plooee. 

7, Injury froe Oentswlnated flepter fl«cere » The 
plo'ters on e poteto planter often Injure the eproute on 
seed pleoee. fhle enperiaent see planned to detoxwlno 
sfhotiier ptekere that are eontasilnated slth the Juloe from 
eplndle timers wight feMuuHlt the vlsue to beeltby eeod 
plooee shen the sprouts ere Injured. 

Method ef Inoeulstlon i A good type tuber ^wlng 
short spcuuts was seleeted for the OKperlaent. This tuber 
was helved with e sterile knife* Inoouletlou wee then 
sttewpted by piercing the sprouts on one half with s 
sharp needle that had Just boMi Inserted into e spindle 






tabor* 


Tho Inaeal •tod MUf mm i^-nted In one row and tho 
nrlsooaltttod olator bal planted Just opooalto In an 
adJol:*lng row to aorre <* • ohoek* 

fiila exyarlnmt ropoatod six tines at the 
Spoalcor £^rai s t • anaaa Olty and nine tlnoa In the oaper- 
ioontal riold at aan»tt<m, siting o total ot flftaen 
tnala* 


The node of expreaalon of spindle taber «n« studied 
b/ pi*•ting seed ptoeos fron definite spindle tubers in e 
row beside .ppurectly healthy good type tubere. College 
syaptoas were observed from tine to tloe and ttw plants 
froB epindle tul)ers were eonpared with Uwso froo .mod 
type tubers* 

At harvest reeords were teican on the progsay of good 
type tubers end spindle tubers to detemlne tuber e^Tsmtons 
and yield* 


0* geindle tabor Frevalonee ttudles 

The provalanee of spindle tuber was studied by 
eaentalng various lots of seed shipped into Xansas by 
law Valley poteto growers* Tbs peroantege of vlsiblo 
ai^dlo tabor in oeeh lot of seed was deteminod by oaking 






oounta of tatwra In aavaral aaeka of aoad. Oouata mm 
■ ada In aovaatyfour lota of aood. 

zKt»RtiuanrA.i. d & 

Otlllclng ttia Mtttoda just doacrilMA, atudloa mro 
■ado of tho tMUuailaslaDt OKproMlon and ptrawloneo of 
aplndlo tubor. llie rosulta of tboao atudloa are boro^ltb 
proaaoted la tabular form. Baeli year'a «oric la proaontod 
aaparatoljr. 

InvoatlRatlpoa. 1986 

A. Traaawlaalon atudloa. 1366 1 Tba roaulta of tho 
tranaolaslon atudlM are abouu In tho follonlne tabloa* 
Sboao tabloa abou tbo netboda of Inooulatlon* tho nonbor 
of plants uaodf the anabor of plaata that produood aplndlo 
tuber progeny at barveat and tho por oant of plants that 
prodaeod aplndlo tdbor progeny* 






KM* Z. Ba«ult« or ZnoottlotZms BwZthy Sood Plooao 
«ltb a Spindlo ‘labor br Various Itothoda. Harvostod Julr 
1986. 


■othod of laooalatlM 

Mo, of 
Pliftto 

"'BoTog- 

Plants 

s, T, irocotur 

ror Osnt of 

Plants 

s. r, Proasoy 


4 

-=- 

1 

85 

1. OMOk plants la 
Insost proof sacs 

4 

0 

0 

2. (a) gwtnalnatsd 

noodls punstares la 
Isasos and potlolos 

80 

6 

IS 

ft. (b) Kaeoratlon of 
Isavoo oltb oontan* 
laatod flocors 

ao 

0 

0 

S. o&fciiag knifsj 

Inoeulatsd taalvos 

** 

8 

i.5 

S. Otalaoeiaatod balsas 
usod as sbooba 

44 

0 

0 

4. ooRtaot or out sar> 

faeos. Inooulatod 

balsM 

44 

X 

8.8 

4. Onlnooulatod halvos 
usod as stasokB 

44 

0 

0 

6, »bsr ^fts 

46 

S6 

76.8 

6. riant^ Imbi 

iBOOulatod taalvos 

54 

0 

' - 

0 

6. ttailnoonlatsd faalsss 
ossd for Obsto . 

54 

0 

0 

7. sprout injonos} 

Zneeulatod balvss 

16 

1 

6.6 

7. Ualnoaolatsd balvss 

16 

a 

0 






















^Dibers from hills that did not show current season 
symptoms of spindle tuber from the various methods of 
Inoculation were saved for planting In the greenhouse to 
determine whether or not they were carrying the spindle 
tuber virus but did not express either foliage or tuber 
symptoms In the first generation. 

lliese good typo tubers were planted In the greenhouse 
on October 26, 1926, and were harvested February 2i, 1927, 
This work Is to be crltlclBed from the standpoint 
that no healthy checks were planted In the greenhouse to 
determine what part of the Infection was due to Insect 
transmission In the field the previous season and what 
part was due to the artificial Inoculations, 


Table II, Results In Second Oeneratlon when Progeny 
of Spindle Tuber Inoculated Plants Were Grown In the 
Greenhouse, 1926, 


uethod used to 

Inoculate 

Parent Plants 

iNo, Of 1 
iPlants i! 

Wo, of iPer Cent of 

Plants i Plants 

i, T, ProgenyiS, T, Progeny 

2, (aj Contaminated 

needle punctures In 
leaves and petioles 

i SI 1 

10 

: 

t 33.2 

t 

2 , (b) Maceration of 
leaves with contarn- 
luateu lingers 

t i 

t 16 t 

5 

t 31.2 

: 

3, Cutting Knife 

t 59 i 

17 

t 

t 28.8 

4, Contact of cut 
surfaced 

1 1 

t 69 t 

t t 

3 

: 5.0 

t 

7, Sprout Injuries 

t 20 1 

11 

1 65,0 












B. atap—**"" iflgfi * Plant* pwwJnoed fro« 

■p&ndle tuber* were ooapered -d-th pluat* froa good t/pe 
tuber* of tbe *•*»* 'nrlety. tbe Irl»h Cobbler end tho 
Berly Oblo rarletie* were used, fflie foUego spaptoa* of 
aplrtdle tuber were eaipressed a* followu 

(1) Plants uore or loos daarfod and eroot growing. 

(2) Tb* angle betrooo tbo petiole and stalic 1* rory 

aottbe. 

(S) Plant* *how rlglOlty and ehnn bent over rotnm 
quleicly to an eroot position. 

(4) leaTS* allghtly dearfod and usually show a 

raffled Margin. 

(5) foliage uaually lifter green ttum In nonsal 

plant*. 

The tuber syaptoae oapreosed sore: 

(1) itlimgnted or pointed at the tmd and. 

(B) Bunerous, ahallow or bulging eye*. 

(S) Oreatly decreased yield Aie to asaller tuber* 

but not neoesaarlly a Moallar number of tabor*. 
(«) Karly Ohio tuber* lighter rod In oolor than 
normal. 

yield raoo:?do ware tatun to detoaalne expression in 
yield by spindle tabor Infootod plants aa oeeipared with 
healthy plants from tho aaaa strain of seed. 





Xabl* III. neldB of Spindlo Subora Coapepod with 
flood Type Tuborw* ^wioh Oobblwr \teri«t7. XOSA* 



1 

tfnr Cent 

Avepaoe Yield Per Hill 

Lot 10. 

1 8. T. 
tin aaad 

Splnule ZUbap! 

Iba. 

flood Type 

Iba. 

1 

1 

t 0.9 

.49 

.54 

2 

i 

t 9.5 

.91 

.60 

9 

t 9,9 

.19 

.98 

4 

I 8.8 


.08 

9 

t 

« 9** 

.75 

1.56 

« 

t 

t 9,6 

.99 

.98 

7 

1 

t 9.1 

.28 

.71 

_ 

1 9,8 

.97 

.78 


C« ypownXwnoe Btudloa, igflfl t A aurvey awa aad* of 
aovoral lota of aood pwrohaaod by Kanaas growara to da> 
toralno tba paroaotaga of vlalbla aplndla tubar ahlppad 
Into the atate by aoptbaxn aaad growan. 

Tba foUowiag table a.«wa the lot noebara of the 
aaed fPoa mtilab the ooonta ware oada, the kind of eead and 
the pereantaga of aptndle tubop found In aaeh lot* 
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Ikblo XV. fttr Oant oi SpLndlo Tabar Contalaad in 
Verioua iot* Oi a««d Pupohnoad by Kmvmaa Potato Orowon In 
19B6. Irish Oobbior Varioty. 

Lot Ho. Kind or 8o«d Per Cent Spindle Tuber 

1 Certified 0.9 

8 Cocsaerelel 5.5 

S OeoBoreiel 5.9 

4 Coaaereial 8.5 

5 CooBoreiel 5.4 

6 Ooanereiel 5.6 

7 Oonnereiel 5.1 

8 Ooemereial S.S 

9 OomaeroiaX IS.S 

10 Ceeiaareial 4.4 

11 OcnaereiaX 6.7 

12 OocsBMralal 6.9 

IS Coaneroial 5.8 

14 CoeiBerelal 1.7 

15 OoBaarelai 5.7 

16 Gonnereial 5.0 

17 Oaoaereial 1.8 

IS OenaereUl 5.4 

Bameeroan 0.0 

OaoBoreial 0.5 

Oemneroial 8.9 

CaoBerelal 8.6 


19 

80 

81 




l»bl« IT (Oontlnacd) 


Lot lo. 

es 

54 

£5 

S0 

27 

28 

29 

30 

31 

32 

55 

34 

35 
30 
37 
3B 
30 

40 

41 

42 
48 
44 

ATonigo 


Klad of Soed tmr 0«nt SpLndlo Tubor 


Cooneralol OJS 

Ooaaoraial 2*7 

COBEaorolal 3.2 

OnuMvetol 1.2 

CoDKWPOlal 2*0 

Ooorwrelal 1.6 

Ooaaoretal 1.1 

CorUftod 0.3 

Oortlflod 0.3 

OlMMrolal 5.0 

Comaorelal 0.8 

Coaaorelal 0.9 

Ooaoox^al 1.3 

Oaomorolal 1.3 

Comorolal 0.4 

Ooanorelal 3.4 

Oomaorolal 1.7 

Gooserolal 4.0 

Oo—rclal 2.8 

Ooaiaercdal 3.2 

OaoMrolal 3.4 

OoBBOrelal 3.0 

2.9 




InvOTttg: tlona. 19B7 


A. Tiwalf *"" 1887 1 Th# JWttlU Of tho 

troiwdlasloa atadloa ara sbotot In ttae followlns tablM. 
Qioso tablM aboo Bathocts of Inoonlatlon, tha noiabar of 
planta uaed, the numbar of planta tbnt prodaood aplndlo 
tuber progony aaA tho peiroantage of planta that prodttoed 
aplndlo tuber i^ngony* 


Xable V« Boaulta of laoeulating Bealttap Seed Plaeoa 
with Spindle mber bp Keant oX Outtlng Knife and Seed 
Pleee C«»itaet. Harreated Septeaber B, 1927. 


' — -- r 

Kethod of 1 

InoaolatiaB i 

le. of 
naata 

I"B5;"oT~ 

1 Planta 

1 S. T. 

1 Proflaop 

:Fer cent > 

lof Planta 1 Per Oent 
t S. t. idttO to 

tProMwer ilnocnlction 

cutcinaimife i 

Inoeulated balaeai 

S4 

1 

: 13. 

1 68.6 

t 

» 

tklnoauiafcoa i 

faalaea i Gutting i 
Knife Cheek 1 

S4 

1 8 

t 

t 8.3 


Contact ox Utt i 

Suriaceat Iztoeu- t 
latad balvea i 

M 

t 

t SI 

t SB.S 
t 

t 68.8 

telnocuxated i 

halTcs; oontaet t 
Chaek:a t 

96 

t 

1 8 

t M 

1 

i 

1 


Seoond Oaneratlon Studlea After Inaect Xmnaialaaloo i 
lUbera were aaved froa the bealttip tuber unit in the field 
that ana aurrounded bp apindle tuberini'eoted planta in 
isec. Tttbera fron the healthp oheek that ana planted in 
the inaeot proof oaga and aurrounded bp aplndle tubera 
aero alao aaaed. the object of thia teat aaa to detemlne 























Table VII. Tlelito oi Spindle Xubera Conpared »ltb 
flood type tabere. Irish Cobbler Variety. 1967. 


Lot So. 

>Por Cent 
( 8. t. 

itn seed 


Avera^se Yield Per Hill 

1 

ftDlndl0 Ulubert 

Good Type 

1 

! 8.2 



1.0 

t 

1 

1.53 

e 

1 5.4 



.31 

2 

1 

1.61 

8 

t 

t S.6 



.48 

i 

I 

1.36 

4 

1 s.e 



.41 

s 

I 


3 

1 

1 2.8 



»ce 

1 

i 

1J34 

Avereno 

t 

1 3.1 



.07 

i 

: 

1.8 


C. frevalepee Studies. 1967 1 ^rtber studleB on 
pjovaleoee were Bade in 1967 to detenalne ttie peroentaee 
of visible spindle tuber shipped Into Kansas. 

The followlBg table shorn tbs various lots of seed 
and ttM per esnt of spindle tuber eontalned tberelai 

table VIII. Ver Cent of Spindle tuber Contained In 
INuplous Lots of Seed furobssed by Kansas Potato Growers 
In 1927. Irish Cobbler Variety. 

lot HO. Kind of seed Per Cent Spindle tuber 


1 Certified 1.7 

8 Certified 0.7 

3 OerUfled 1.0 

4 Certified 8.3 

5 Certified 8.1 

3 Certified 3.0 


















m 

T»bl« nil (OoDtlnasd) 


Lot no. 

Kind ot s*ed Hr Cant Splndla Taber 

7 

Certined 

0.6 

8 

Certined 

1.3 

9 

OoGBterelel 

6.1 

XO 

OoBoerelel 

3.3 

11 

OoBiserelal 

3d2 


CpureUl 

4.8 

13 

CtMasserelel 

6.3 

14 

•field Znepeotloa O.K* 

6.1 

IS 

•field InepeetlOQ O.K. 

0.6 

16 

•field lospeetlon 0«K. 

5.0 

17 

•field Inepootlon U.«U 

6.9 

18 

•field inspeotlon u.x. 

2.0 

18 

•field loapootloa O.K. 

7.1 

90 

•Held Inspection O.K* 

7,6 

21 

efleld Inspection O.K. 

e.9 

22 

CocsaercUl 

1.3 

23 

Oa—erelal 

1.7 

24 

Cciaiterelal 

1.7 

25 

Ooonerclal 

11.1 

26 

Qoitnerelal 

S.6 

27 

OtKascrelel 

9.0 

28 

OOsBMrelal 

11.0 




T«ble VIIX (COBtlBMd} 

Lot Ko. Kind oi seed P*r Cant Sidiidla XUbor 

S9 Oanorotal S«4 

SO Oosmarotal 7«6 

Avarac* 

«iaM field lnapaotl«ma wore peesod for aaed oertltlofctlon 
tout the final bin Inapactlou naoeaMPp fOr oopUlloaUon 

M* not mm&», 

lasaasicm 

Tronamlaalon of aplndla tuber me aaeured by aeveral 
BMthoda of Inoeolatlon. Currant aaaaon ayaptoesa mre 
obtained by laoeulaUan of the purent tubera end by Intro'- 
duetlon of the Juleo fron aplndle tuber Infeeted planta 
Into growing healthy pTaota by mrloua aoona. 

Inaeets feeding on aplndle tuber Infeeted plnnte In 
the field tronaferred the Tima to healthy planta wblOb 
beeaua infeeted. Beweaery not all of the piogeny of the 
infeeted planta aboeed eurrent aeaaon ayuptona. Ibia me 
ahon by tba faet that three out of eeven apparently good 
type tubera* produoed in 1966 on planta in the field that 
were aurrounded by aplndle tubera* yielded aplndle tuber 
progeny in 1997. The progeny of healthy eheeka grown in 
the aage la 1966 and aurreondad by Infeeted planta pro* 
dueed only good type tubers in 1967. 

leedle punetnrea aloulating inaeat {uneturea yielded 




twelve per oont spltidlo tuber In 1X0, Tiiese plants «ere 
not erooB under oa^a end no olieeica were need} therelore* 
It Is laposslble to tell exaotly how mob of the spindle 
tuber obtained was llrao orcUnury Held Inseot trensedssion. 
Ihs evldonoe points to very Uttlo Inseot trensnlsslon In 
the plot where ttw trono J.sb1oo studies were oondueted. 
this Is probable beoause the plot was planted wltb seed 
pieces trcn only good typs tubers and is l>u‘thor substan- 
tlutsd by tile faet tiMit not one of the oheeks used In 
OQoneetlan with other Inoonlatloos sbowod eurrent season 
syaptOGis. 

All Inooulatlfflu by leaf nBoor&tlon were unsuooesftil 
as rer as tfae ssoorlng of ourrent season symptons was 
oonoemed. Ihlrty plants wore Inoculated, tut not one 
sho'ofed any sign of spindle tuber daring ttie growing season 
or vdien tiis plants were borvestod. 

Gutting imlie lnoeul;itlons were nads wltti forty-fonr 
seed pleoes In 10S8. Only two plants or 4*5 per eentdoaed 
ourrent season syaptoos of aplndle tubor. These plants 
sere harvested on July 14. hone of the oiietiio wore In- 
fWeted. In 1907 the plants were allotud to stand In tiwi 
field until septsBdier 2, or about six weeks longer tiian in 
1026. There were twenty-four plants in the exporlnent. 
Fifteen, or 62.6 por osnt, afwwed ourront sooson syoptoos 




49. 

or itilaiUe tttber. r«a pltioiLa In tho ohookc row olso aboaed 
aplndl* tuber. liuUaating tbat the dlaeaae wa presont In 
one tuber berore It «as out for seed. Onlttlng tbeae tw» 
pleota there eaa atlll »4.S per ooDt agdudle tuber In the 
inoeulated ro«» 

LMvlng the pXaata In the field for • longer period 
apparentlr elloeed tine for the disease to express Itself 
during the euirent season. 

In the greenhouse the second gonemitlon fron cutting 
knife Inoottlated seed in 1980 shewed £6.8 per cent spindle 
tuber Infeotlen. as previously noted only 4.8 per osot of 
the plants showed onrrent aeascm synptoms In the first 
generation. In the greenhouse no dheetcs were Included from 
uninoculated seed, henee no allowonee Is nade for Insect 
tranenlsslon In the field during the previous season. 

Contact of freshly cut surfaees of spindle tubers and 
hsalttq’ tubers gave CTldenee of socie tranenlsslon In ised 
tdien forty-four trials were unde and one plant showed 
onrrent secscm symptoas. The ohecifs showed no synptoas. 

In 1987 plants Cram the contaet Inoeulated tubers were 
allowed to stand until Septei^r 8. Of these Inoeulstlon 
tri.als ae.8 per oent were sueeessful. 

Cut surfaoe Inoenlatlon and outtlng Imlfe Inooulatlon 
probably take plaoe very frequently under field eondltloos. 
n>e syuptons. however, apparently do not booouo evident 




for • ooaaldeikblo period following Infection. The ICenaes 
crop 1« ueuBlly dug In July end tbe flret half of Augoet 
idileb no doubt eooounte for leek of expreealon of current 
seeeon synptoae In the field. 

tuber greftlBg uea the most efficient neans of tr'ina- 
■Ittlng the dlseese for aeourlng current eeeeon synptoae. 
nrty-elz Inoculetlone were aede. of ehloh thlrtyslz, or 
78.2 per cent, eere aueeessfUl* The eonteet of the cut 
aurfeoe of the eplndle tuber graft end the healthy tuber le 
nelntelned for a aanslderable tine end thle la probably the 
reeeon wby e high percentage of InfeeUon aea aeoured. See 
Plates II end III. 

Plantar box Inoouletlone wre unsuccessful In ell of 
the fifty-four trials nede. Tbe reason for thle has not 
teen detenilnad. 

sprout Injuries Inflicted alth a needle that had 
prealously been oontanlnated by pricking a spindle tuber 
^ve one aueoessful Inoculation Ui fifteen trials. In tte 
greenhouse the second generation produced 5S per cent 
eplndle tuber progeny. So ebeoke were used, bonoe It Is 
not imoan boa mueb Inaeet trsnnalealon nl^t have oeeured 
In the field. 

The eplndle tuber oaproaalon etudlee Indloate that 
foliage aynptons are aapresaed by more or leas dnarfod and 
oreot groatb, tbe angle tetwean tbe petiole and the atalk 







<£. 

8. ms aosiile Apresaed on potato picaiba oXlan 

oti>n£« *« tho »«*can proc^a***. A plant sbOTflfiig rugoao 
noaale mplj In the eoaeon nay eho* only nlld aoealc syap* 
tons or tlw aymptOM nay be entirely naalced by the tine the 
plants are In blooei* 

S* Mild noaelo asBptoms ere unuUy naaked by the ttaw 
the plante are In blocxa. 

«• Frtdenoe was obtained ahovlne that spindle tuber 
enn be traneolttod (a) by Inseetst (b) by cantanlnated 
onttlng knlvest (e) by oontaot o£ dlaeasod and healthy seed 
pleeesi (d) by tuber gaefte» (e) by Injuries InXlloted to 
aprauts by eontaialnatod tools. 

5. splndlo tuber oxpreaeee Iteoir In top growth as 
rollowei (a) nants aro dwarfed and very erect, (b) Tho 
an^o between petiole and the atallc Is eery aeuto* 

(e) Plant Is rigid end When bent over returns quickly to 
an oreet position* (d) Loaves are dwarfed and usually 
have slightly ruffled nargln. (e) Ate oalor of tlM In- 
Ceotod plants Is aoiially a lighter green than nonaal. 

6. tbrn yield froa spindle tuber Infected plants Is 
about SO par oont by nolgbt as euolt ae Uto yield froa good 
type tubers* 

7* Counts mde In various lots of osrtlflod and oom- 
nerolal potato seed abow that oortiflod osod eontalns far 
less spindle tuber ttaaa does oosiBerelal seed. 
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o6. 

Plate I. 



Good type tu’oere used in the Spindle Tuber irans- 
mission Studies. Such tubers as these v/ere inoculated by 
the various methods described. 




Spindle tuber transmission by tuber grafts. A plug 
Was cut from a spindle tuber and fitted into the hole In 
a good type tuber. 







Plate III, 



A tuber graft and its progeny. The 
old seed piece did not decay and the graft 
from the spindle tuber still shows. 




59 . 

Plate IV. 



A spindle tuber infected plant. Hote 
the erect habit of growth, the sharp angle 
between the petiole and the main stem and 
the ruffling of the leaf margins. 


60 . 

Plate V. 



A healthy potato plant. Note bushy habit of growth in 
contrast to spindle tuber infected plant in Plate IV. 



